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Abstract
Field observations in the Sakoli and Sausar belts around Nagpur, central India were conducted from
December 28th 1999 to January 8th 2000, by a Japanese and Indian joint project team. Both the belts
are Proterozoic mobile belts consisting of supracrustal sequences and reworked basement gneissic
complex, and form an integral part of the central portion of the Central Indian Tectonic Zone (CITZ).
Field work covered the typical occurrences of metarhyolite, metabasalt and metasediments of the Sakoli
Belt, and metasediments, syngenetic manganese deposits, granulite facies rocks and reworked basement
gneisses in the Sausar Belt, in order to obtain the general view of the tectonic history of the CITZ.
Observations were focused also in the tectonic boundaries between both belts and their basements.
Deformations consisting of D I, D2 and D3 folds affect the Sakoli supracrustals and basements, forming
the eastern and western marginal shear zones. The Sausar supracrustals are also deformed, and their
basement Tirodi Gneiss is re-folded and found as several tectonized intercalations within the Sausar Belt.
This paper reports the outline of geology and lithological and structural features of observed outcrops in
two belts, with comments for several potential problems that were identified during the field works.
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Introduction
The Sakoli and Sausar belts form the central part
of the Central Indian Tectonic Zone (CITZ) which is
a Proterozoic mobile belt running between the North
Indian cratonic block (the Bundelkand craton) and the
South Indian cratonic blocks (the Singhbhum, Baster
and Dharwar cratons). The Aravalli-Delhi mobile
belt fringing the western margin of the Bundelkand
Craton, and the Eastern Ghats Granulite Belt running
along the SE coast of the Peninsular India, have been
interpreted by Radhakrishna and Naqvi (1986) as the
northwestern and southeastern extension of the CITZ
respectively (Fig. I).
The major part of the ClTZ has a width of about
200- to 250-km and a length of more than 1000-km,
running E-W at the neck of Peninsular India. The
Narmada-Son Lineament bounds the northern margin,
and the Central Indian Shear Zone (CISZ) - Singhb-
hum Shear Zone forms the southern margin of this
extensive tectonic zone. The Phanerozoic. Deccan
Trap covers a considerable part of the eastern part of
the zone, and the Gondwana sediments and Quater-
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Fig. I The Central Indian Tectonic Zone (CITZ), and location of the
survey area (modified after Radhakrishna and Naqvi; 1986).
KN: Karnataka nucleus, SN: Singhbhum nucleus, BN: Bastar
nucleus, EPMB: Early Proterozoic Mobile Belt, MPMB: Middle
Proterozoic Mobile Belt, ADMB: Aravalli-Delhi Mobile Belt, CGC:
Chotonagupur Gneiss Complex, EGMB: Eastern Ghats Granulite
Belt, (I): Narmada-Son Lineament, (2): Central Jndian Shear Zone -
Singhbhum Shear Zone.
Legend; I: Schist belt in nucleii, 2: Tonalitic gneisses, 3: Granodior-
ites- granulites of EPMB, 4: K- granites of EPMB, 5: Granulites and
gneisses of MPMB, 6: Middle Proterozoic sedimentary basin, 7:
Gondwana sediments, 8: Anorthosites, 9: Eastern Ghats-Sukinda-
Singhbhum thrust, 10: Deccan Trap. The arrow indicates the obser-
ved area (see Fig. 2).
nary sequence overlie in the central and eastern parts of
the zone. In the remaining areas, there occur base-
ment Precambrian rocks characteristic of the CITZ.
The Precambrian units comprising the central region
of the CITZ are, from west to east, the Sausar and
Sakoli belts along the CISZ, the Mahakoshal Belt
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Table 1 List of observed outcrops in the Sakoli and Sausar belts, during the 1999-2000 field survey.
(1228-1 to 108-3 No. of localities in Fig. 2)
December 26 [Arrive in Nagpur]
19
December 27
December 28
1228-1
1228-2
1228-3
1228-4
December 29
1229-1
1229-2
1229-3
1229-4
December 30
1230-1
1230-2
1230-3
1230-4
1230-5
December 31
1231-1
1231-2
1231-3
1231-4
1231-5
1231-6
1231-7
January I
January 2
102-1
102-2
102-3
102-4
102-5
102-6
January 3
103-1
103-2
103-3
103-4
103-5
103-6
103-7
[Introductory talks and lectures for the CITZ, Sakoli and Sausar belts at GSI in Nagpur]
[Nagpur <=t Bhiwapur <= Pawni <=t Nagpur]
Metarhyolite of the Bhiwapur Formation
Metarhyolite at Gothangaon
Metarhyolite
Abandoned Au-eu mine in the upper margin of the metarhyolite
[Nagpur -> Bhiwapur -> Gondia]
Abandoned chromite mine in ultramafic rocks in the basement
Basement biotite gneiss
Muscovite schist with andalusite porphyroblast in the Pawni Group
Two mica pink granite and gabbro
[Gondia <= Eastern Sakoli Shear Zone]
Amgaon gneiss (augen gneiss, schistose granite)
Schistose granite, cord ierite gneiss
Amphibolite and pyroxenite in sheared granite (augen gneiss with strong lineation)
Garnet amphibolite (ultramafic rock) in Borunda village
Banded and fine-grained granite mylonite
[Gondia -> Bhandra -> Nagpur]
Sillimanite quartzite (I km north of Gangajhari)
Staurolite-kyanite schsit in pre-Sakoli basement
BIF (garnet-grunerite) in Sakoli Group
Carbonaceous phylite
Metabasalt
Coarse-grained quartzite, peblly quartzite
Granite mylonite
[Lecture and discussion at GSI in Nagpur]
[Nagpur <= Ramtek <=(Seoni Road)<= Deolapar]
[The southern part of the cross section of the Sa usaI' Belt including reworked basement of the
Tirodi gneiss]
Satak mine (stratiform manganese ore and gondite)
Ramtek fold in quartzite at Ramtek dam
Foliated fine-grained granite (Ramatek granite)
Phyllite and lenz or boudin of schistose at NH-7 Road
Coarse-grained biotite gneiss (Tirodi gneiss;reworked basement)
Calc-silicate rock in the Tirodi gneiss
[Nagpur <= Deolapar <=(Seoni Road)<= Pindkapar]
[The northern half of the cross section of the Sausar Belt, and the Tirodi gneiss]
Pauni granite (Iate- or post-kinematic granite in the Sausar Belt)
Thin band of reworked gneiss layer and calc-silicate gneiss
Highly deformed biotite gneiss
Pelitic to psammitic gneiss or tonalitic gneiss
Pel itic to psamm itic gneiss incl ud ing garnet- beari ng mafic band
L-tectonite (sillimanite rods) in pelitic gneiss
Dolomitic marble
contuied
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January 4
104-1
104-2
104-3
January 5
105-1
105-2
105-3
January 6
106-J
106-2
106-3
106-4
106-5
January 7
107-1
107-2
January 8
108-1
108-2
108-3
January 9
January 10
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List of observed outcrops in the Sakoli and Sausar belts, during the 1999-2000 field survey.
(1228-1 to 108-3: No. of localities in Fig. 2)
[Nagpur <=t Sausar <=t(Chhindwara Road)]
[The northern granulite belt of the Sausar belt]
Ramakona granulite (dolomitic marble)
Garnet granulite, charnockite
Dolomitic marble
[Nagpur -> Ramtek -> Tumsar Katangi -> Tumsar -> Bhandara]
[The northeastern margin of the northern granulite belt]
Calc-silicate gnei s (Lohangi F. on the hill top)
Garnet amphibolite in biotite gneiss and augen gneiss
Metamorphosed dolerite
[Bhandara <=t Tumsar <=t Katangi <=t Waraseoni]
[The northeastern end of the southern granulite belt]
Tectonized biotite gneiss at Lingmala village (augen gneiss including amphibolite)
Metamorphosed mafic-ultramafic rock (metagabbro ?)
Garnet cordierite rock (granulite of pelitic origin)
Metadiorite (or .dolerite to microgabbro)
Meta-quartzite or BIF in granulite facies
[Bhandara <=t Tumsar <=t(Katangi)]
[Tirodi gneiss, and the contact between Sausar supracrustals and the basemen Tirodi gneiss]
Banded gneiss (basement Tirodi gneiss)
Tirodi mine (contact of Sausar supracrustals-basemen gneiss), manganese ore and cherty rock,
quartzite, micaceous schist, cataclastic gneiss, migmatitic gneiss, injection gneiss by pink
granite, banded gneiss.
[Bhandara -> Sakoli -> Bhandara -> Nagpur]
[A marginal zone of the Sakoli belt and the southern granulite belt]
Quarzite mylonite at the eastern marginal shear zone of the Sakoli Belt including tourmalinite,
BIF
Metabasalt of the Dhabetekri F.
Garnet two-pyroxene granulite (metagabbro ?)
[Nagpur] Discussion at GSI in Nagpur
[ agpur -> Mumbai -> Osaka]
along the armada-Son Lineament, the Singhbhum
Fold Belt along the CISZ, and the Chotanagpur
Gneiss Complex in the northeastern part.
More than 10 years of studies by a group of
geologists from the Central Region of the Geological
Survey of India (GSI) located in Nagpur have been
conducted. They recently summarized the geology,
structu re, metamorph ism and mineral izatio n of the
Sakoli Belt. Some of these results have already been
published (e.g., Roy Abhinaba et aI., 1992; Band-
hopadyay et aI., 1995; Acharyya and Roy Abhinaba, in
press) and some are in progress. The Central Region
of GSI has started the study project of the Sausar Belt
about 5 years ago, and new findings and problems of
the belt are being identified (e.g., granulites in both
sides of the belt; Bhowmik, et aI., 1999).
The members of the IGCP-368 (Study of the
Proterozoic Events in East Gondwana) have been
conducting systematic field surveys in the CITZ, which
have been financially supported by the Grant-in-Aid
for International Scientific Research Program of the
MONBUSHO (Ministry of Education, Science, Sports
and Culture of Japan), such as in the Eastern Ghats
Belt and in the Aravalli-Delhi Belt in January 1999
(Kano et aI., 2000). Subsequently, we focussed the
central domain of the CITZ consisting of the Sakoli
and Sausar belts around Nagpur, and carried out about
two weeks of extensive fieldwork from December 26,
1999 to January 10th, 2000. The Nagpur district,
which is the geographical centre of the Indian subcon-
tinent, includes Gondia, the central town of the ancient
Gond Tribe, so that the district is the heart of the
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Fig. 2 Geological sketch map of the Sakoli and Sausar belts around Nagpur, and locations of observed
outcrops (based on the geological map by Nagpur branch of GSI)
I: Deccan Trap, 2: Sakoli supracrustals, 3: Sausar supracrustals and reworked Tirodi Gneiss, 4:
Granulite facies rocks,S: Basement gneisses and Alluvium. SGB: Southern granulite belt, NGB:
Northern granulite belt. 1228-1 to 108-3: Location numbers in Table I.
Gondwanaland. We report the results of field obser-
vations and describe the geology of all outcrops visited
during the field trip (Table I and Fig.2).
The Sakoli Belt
Outline of Geology
The Sakoli Belt is located at the southern margin
of the CITZ, and also, at the northern margin of the
South Indian cratonic terrain (the Baster Craton). It
is presently occupying an area of about 5000 km 2 tri-
angular shape, with about IIO-km in the NE-SW and
100-km N-S (Fig. 2). This belt is composed of
Proterozoic supracrustal rocks including mostly
metapelite and quartzite with basalt and rhyolite that
are metamorphosed to low to medium grade. Some
intrusi ve granitic and gab broic rocks are also present,
and the basement gneissic rocks (the Amgaon Gneiss),
occurring within and surrounding the metasupracrus-
tal units, were affected by Proterozoic reworkings
related to metamorphism of the Sakoli Belt. The
supracrustal sequence is composed of 4 formations
(Fig. 3), viz., Gaikhuri, Dhabetekri, Bhiwapur, and
Pawni formations from the oldest to the youngest (Roy
Abhinaba et aI., 1994; Bandhopadyay et aI., 1995).
Deformational events in the Sakoli Belt are composed
of NNE 0 1 , E-W O 2 , and NE 0 3 folding and schis-
tosity development, all of which were associated with
metamorphic recrystallization. Both basement rocks
and supracrustals were highly deformed along the
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Formation
PAWNl F.
BHIWAPUR F.
DHABETEKRI F.
GAIKHURI F.
Lithology
slate, phyllite, debris-flow deposits, meta-arkose
S.S., quartzite.
metapelites (chloritoid-andalusite-garnet-staurolite
schist), meta-rhyolite-rhyodacite and tuffs,
minor metabasalt, meta-exhalites (tourmahnite,
chloritites etc.), sedex type Cu-Zn mineralization,
Au and scheelite mineralization.
metabasalt with minor metapelites, chert and
metaultramafic rocks.
conglomerate, gritty quartzite, meta-arkose s.s.,
minor carbonaceous phyllite, ferruginous quartzite
and BIF.
AMGAON GNEISSIC COMPLEX
gneiss-migmatite, granitoids (with minor TTG),
amphibolite, chromite-bearing metaultramafics,
pre-Sakoli supracrustal assemblages of quartzite,
kyanite and sillimanite schist, calc-silicate rocks,
marble, cordierite-gedrite-anthophyllite schist,
garnet-staurolite schist
Fig. 3 Stratigraphic succession of the Sakoli Group
(in Bandyopadhyay et aI., 1995, after Roy Abhinaba et aI., 1994)
border of the belt, forming the eastern and western
marginal shear zones. The lithology of the Sakoli
Belt, as a whole, has been considered to reflect a rift-
related environment. Several radiometric ages around
1.2 to 1.3 Ga represent a major phase of tectono-ther-
mal event in the Sakoli Belt, and older ages ranging
from 1.5 to more than 2.0 Ga were obtained from the
reworked basement gneisses (Table 2).
Field Observations
[Metarhyolite in the southwestern part of the
Sakoli Belt] : On 28th December, outcrops of metar-
hyolite of the Bhiwapur Formation in the southwestern
part of the Sakoli Belt were visited. The metarhyolite
is considered to provide a good time constraint for the
Sakoli Group. The first outcrop (Loc. 1228-1) just
backside of the GS} camp at Bhiwapur (Fig. 4A) has
distinct NW schistosity with a steep northeasterly dip
with gentle southeasterly plunging mineral lineation.
At Gothangaon (Loc. 1228-2), another northern layer
of the metarhyolite occurs as a large and fresh roadside
outcrop. There, E to NE trending nearly vertical
schistosity develops. A Rb-Sr whole rock isochron
age of 1295±40 Ma, and a K-Ar age of ca. 725 Ma
were reported for these rocks (Bandhopadyay et aI.,
1990). The third outcrop (Lac. 1228-3)(Fig. 4B) of
the metarhyolite is a continuation of the second out-
crop. It is in a riverside bed, and a beautiful and wide
outcrop. Here, the metarhyolite carrying a vertical
banding of some tens of centimeters wide which trends
ENE. New vertical cleavage trending N25-75 E
develops throughout, cutting across the banding.
This cleavage is considered to belong to the D2 defor-
mations.
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Table 2 Radiometric ages of the central part of the CITZ
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Ages
603, 740, 862, 877,
950
761± 18
860
922±33
(lsr=0.71424)
948± I
1100
1208±62
(1sr=0.75288)
1295±40
(lsr=0.75311)
1330, 1340
1361±60
(lsr=0.7194)
1380~1420
1525±70
1527
1460~1640
1560~1662
1576 ± 76
(1sr=0.71543)
1610~1760
1709± 102
(lsr = 0.70770)
1731 ±36
(lsr = 0.70784)
1813±65
(1sr = 0.70398)
1850± 12
1850±40
1856± 68
(Isr = 0.70827)
2120±35
(1sr = 0.70339)
2180±25
(1sr=0.7057)
2249± 135
(End= +4.9)
2270±90
(1sr = 0.7052)
Method
KAm
KAw
RSmi
RSwi
AAm
AAw
RSwi
RSwi
KAm
RSwi
KAm
RSwi
RSwi
KAmi
KAm
RSwi
RSwi
RSwi
RSwi
RSwi
PPm
RSwi
RSwi
RSwi
RSwi
NSwi
RSwi
Material and Interpretation
Mineral separates from Sakoli schsit
Felsic tuff of Sakoli; cooling age
Tirodi Gneiss; cooling age
Deformed granite, intrusive into the Sakoli
Group
Cryptomelane in Sausar Group
Two pyroxene granulites in the Tirodi Gneiss
(Same rock that gives 3126 Ma Nd-Sm age)
Deformed intrusive granite into the Sakoli
Group
Felsic metavolcanics from the Sakoli Group
Mineral separates from meta-sediments of the
Sakoli Group
Syenites of Bari-Ainti in the Mahakoshal Belt
Biotite separates from the Amgaon Gneiss of
the Sakoli Belt
Tirodi Gneiss of the Sausar Belt
Amgaon Gneiss in the Sakoli Belt
Rock-biotite isochron age from Amgaon
Gneiss of the Sakoli Belt
Hornblende separates from the Amgaon
Gneiss
Dudhi Granite Gneiss intrusive into the
Mahakoshal Belt; Syn-D3 emplacement.
Alkali gabbro and lamprophyres associated
with the syenite that gives 1800 Ma age.
Muirpur Granite intruding the Mahakoshal
Group
Rihand Granite intruding the Mahakoshal
Group
Jhigadandi Granite intruding the Mahakoshal
Group
Galena from auriferous quartz-galena vein of
the M" in the Sakoli Group
Sidhi granitoid, intrusive to the Mahakoshal
Group
Tamakhan granitoid intruding the Mahako-
shal Group
Basic volcanics in Khairagarh Group
Bijli Rhyolites of the Nandhaon Group
Amphibolite from the Tirodi Gneiss in the
Sausar Belt
Dongargarh Granite
Literature
Sarkar et aI., 1967
Bandyopadhyay et aI., 1990
Sarkar et aI., 1986
Bandyopadhyay et aI., 1990
Lippolt and Hautmann, 1994
Bandyopadhyay (PC)
Bandyopadhyay (Unpublished
data)
Bandyopadhyay et aI., 1990
Sarkar et aI., 1967
Pandey, B. K. et aI., 1998
Sarkar et aI., 1981; Sarkar, 1994
Sarkar et aI., 1986
Sarkar et aI., 1986
Sarkar et ai, 1981; Sarkar, 1994
Sarkar et aI., 1981; Sarkar, 1994
Sarkar et aI., 1998
Jain et aI, 1995 (quoted)
Sarkar et aI., 1998
Sarkar et aI., 1998
Sarkar et aI., 1998
Bandyopadhyay (Unpublished
data)
Sarkar et aI., 1998 (quoted)
Bandyopadhyay et aI., 1990
Sinha, D.K. et aI., 1998
Sarkar, 1980
GSI (Unpublished data)
Sarkar, 1980
counited
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2405 ± 17 RSwi Barambaba Granite intruding the Mahakoshal Jain et aI., 1995
Group
2465±22 RSwi Dongargarh Grani tes Krishnamurthy et aI., 1990
(lsr=0.7010)
2503 ± 35 RSwi Bijli Rhyolites of the Nandgaon Goup Krishnamurthy et aI., 1990
(lsr=0.7035)
3018±61 PPwi Tonalitic gneiss of the Bastar Craton Sarkar et aI., 1990
3126±270 RSwi Two pyroxene granulite, Sausar Belt GSI (Unpublished data)
(lsr=0.7034)
3509±14 UPm Zircon from Trondhjemitic gneiss of the Bas- Sarkar et aI., 1993
tar Craton
3511 ± 155 PPwi Tonalitic gneiss of the Bastar Craton Sarkar et aI., 1990
AA: Ar-Ar, KA: K-Ar, RS: Rb-Sr, PP: Pb-Pb, UP: U-Pb, SN: Sm-Nd, m: Mineral age, w: Whole rock age, mi:
Mineral isochron age and whole-rock mineral isochron age, wi: Whole rock isochron age.
(PC): Personal communication
[Gold -copper mineralization]: Th e fourth stop (Lac.
1228-4) was on abandoned gold-copper mine in the
upper margin of a rhyolite body juxtaposing with
metapelite, which carry variably NE-ENE and near-
vertical foliation. Vertical fracture cleavage trending
variably in NW direction develops in the area. The
gold-copper mineralization in the southwestern part of
the Sakoli Belt is the major target of the present
Waranger camping operation of GSl. The ore is
reported to occur always at the boundary area of the
rhyolite and metapelite, at the hanging wall side of the
rhyolite (e.g., Bandyopadhyay, 1992). Allanite, chlor-
ite, albite and muscovite are reported to constitute the
wall rock alteration.
[Southwestern and south-central parts of the
Sakoli Belt]: On 29th December, southwestern and
south-central areas of the Sakoli Belt were visited. In
the southwestern area, the first outcrop (Loc. 1229-1)
was an abandoned chromite mine in an ultramafic
body within the basement.
The Loc. 1229-2 was basement biotite gneiss,
intensely affected by deformation along the eastern
marginal shear zone, carrying distinct muscovite,
which was possibly derived from potash feldspar.
The near-vertical NNE trending bedding/schistosity
carried gently SES plunging lineation composed of
muscovite elongation as well as twinkling lineations.
The Loc. 1229-3 was muscovite schist of pelite-
psamite origin of the Pawni Group, with a near-verti-
cal schistosity and cleavage trending NNE. Many
rounded boulders mostly of quartzite occur in the
valley, attesting the near-by outcrop of conglomerate
of the Pawni Group. In the south-central region west
of Putwo, the first visit was a cross section of pelitic
schist about one-km along the road. Major rock
types were andalusite porphyroblastic mica schist (Fig.
4C) showing variable bedding-schistosity and cleavage
schistosity, the latter mostly trending NNE with a steep
easterly di p, appeari ng to reflect the eastern margi nal
shear zone. A steep and E- W trendi ng ki nk fo Id was
also observed, which may possibly reflect the D2
deformational events of the Sakoli Belt. The last visit
(Loc. 1229-4) was in-situ boulders of undeformed
two- mica pink granite and gabbro said to be associat-
ed with the granite.
[The Eastern Marginal Shear Zone on the north-
eastern margin of the Sakoli Belt]: On 30th Decem-
ber, we concentrated our observations in the northeast-
ern margin of the Sakoli Belt, northeast of Noathwa
where the Eastern Sakoli Shear Zone runs (Roy Ab-
hinaba et aI., 1992). The first outcrop (Loc. 1230-1)
was schistose granite to granodiorite or augen gneiss
assumed to be the reworked basement of the Amgaon
Gneiss (Figs. 40, 4E). The rocks were distinct in
carrying conjugate shear-cleavages, with an acute
bisectrix angle in N- S, of both sinistral and dextral
sense (Fig. 40). They show a clear indication ofE-W
compression. The schistose granodiorite has flattened
and elongate augen structures trend ing nearly N-S
(Fig. 4E). The gneiss carries earlier banding that
occasionally showed asymmetric small folds of sinis-
tral sense of shear movement. Near by the granodior-
ite to the east, granulitic amphibolite with a vertical
NNE schistosity crops out; its schistosity may indicate
the effect of the Eastern Sakoli Shear Zone activity.
The second outcrop (Loc. 1230-2), northwest of
KANa Takashi and others
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Fig. 4
Fig. 4 Field photos in the Sakoli Belt
4A: GSl Bhiwapur Camp [Loc.I228-1]
4B: Metarhyolite of the Bhiwapur Formation, showing cross- cutting relationship of the flow banding and later
cleavage. Outcrops along the Wainganga River bed [Loc.1228-3] .
4C: Andalusite-mica schist of the Bhiwapur Formation at the roadside northeast of Adyal [Loc.1229-3]
4D: Deformed gneissose granodiorite basement of the Sakoli Belt (reworked Amgaon Gneiss), north of Daggapar,
near the eastern shear zone [Loc.1230-1] . Note the earlier penetrative sinistral shear deformation and later
conjugate E-W compression (see, sketch).
4E: Augen gneiss (reworked Amgaon Gneiss), ditto [Loc.1230- I].
4F: Schistose granodiorite, ditto [Loc.1230-2].
4G: Granite mylonite with sheath fold-like structures. Hinges of folds are variably curved [Loc.] 230-5].
4H: The outcrop of sillimanite quartzite of the old supracrustals in the basement Amgaon Gneiss, west of
Gondia [Loc.1231-1].
KANO Takashi and others
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the previous outcrop, was also sChistose granodiorite
carrying evenly developed banding and schistosity
(Fig. 4F). Banding/schistosity runs nearly N-S with
a westward moderate dip. Indistinct mineral distribu-
tion and possible intersection lineations plunge gently
SSW. Near by the granodiorite, cordierite gneiss
occurs, which is medium grained and equigranular.
This belongs to the old supracrustals of the basement.
Further northward about 300 meters (Loc. 1230-
3), amphibolite and pyroxenite occur within the shear-
ed granodiorite. They range from amphibolite to
garnet amphibolite. The garnet amphibolite carries
deformed (and possibly metasomatic) quartz pebbles
and pools. Schistose granodiorite carries general
schistosity indicated by both elongation of potash
feldspar phenocrysts as well as elongated clots of mafic
minerals and occasional banding of quartz-feldpathic
minerals. The granodiorite also carries bands of
mylonite where distinct strain concentration is demon-
strated. A mylonite band carries a close fold of the
similar fold type apparently indicating a sinistral
deformation, with a gently plunging hinge towards
NNE.
The fourth outcrop (Loc. 1230-4) was garnet am-
phibolite in the Bormada village. Pools of hornblen-
de pegmatite are associated with the amphibolite.
Garnet occurs in the melt portions and is associated
with quartz-feldspathic bands. Fifth outcrop (Loc.
1230-5) (Fig. 4G) was banded and fine-grained granite
mylonite with sericitization and carbonization, carry-
ing much possible goethite. The Eastern Marginal
Shear Zone of the Sakoli Belt appeared to be dominat-
ed by near-horizontal transcompressional and sinistral
deformation.
[The northwestern margin of the Sakoli belt]: On
the 31st, we observed mostly the northwestern margin
area of the Sakoli Belt, west of Gondia, to examine the
effect of crsz which lies to the north of the Sakoli
Belt. The first outcrop (Loc. 1231-1) was I km north
of Gangajhari where sillimanite quartzite with distinct
sillimanite lineation occurs (Fig. 4H). Schistosity is
parallel to the bedding, varying in trend from NNE-
NS-NNW with a steep dip. This is evident for an
open fold or a hinge zone of a maga-fold. All the
intersection and sillimanite lineations plunge moder-
ately NE, attesting that the lineation should be parallel
to the axes of the mega-fold. The geometric relation-
ship of strikes of cleavage and bedding indicated that
we were at the hinge zone of a sinistral mega-fold.
The second outcrop (Loc. 1231-2) was staurolite-
kyanite schist with euhedral to subhedral kyanite
porphyroblast, which is surrounded by both S 1 and S2
fabrics. Next (Loc. 1231- 3)" we came across with the
BIF carrying distinct tight to isoclinal mesoscopic to
microscopic fold. The bedding schistosity runs gener-
ally NE to NNE and dips moderately with moderate to
steep intersection lineations. New cleavage runs ENE
and dips steeply north. Cleavage-banding relation-
ship again reflects the sinistral mega-fold as mentioned
above.
The fourth outcrop (Loc. 1231-4) was carbonace-
ous black shale or phyllite. Clearly distinguishable
So (50 dipping NW), Sj and S3 (E-W vertical) are
associated, forming distinct intersection lineation,
related to S j and Sz. The fifth outcrop (Loc. 1231-5)
was metabasalt of the Dhabetekri Formation (Roy
Abhi naba et aI., 1994). Thin vertical layers of banded
chert of possibly volcanogenic origin occur, running
NE, locally displaying isoclinal folds with near-verti-
cal hinges.
Next three outcrops showed deformational charac-
teristics of the CISZ. At about 30-km SE of Gagha-
jari (Loc. 1231-6), coarse sandstone with minor cong-
lomeratic sandstone layers of the Dabetern Formation
occurs. It represents inhomogeneous semi-ductile
mylonitization with steep to vertical NE foliation. In
sandstone, quartz vei ns and pools are boudi naged,
fragmented and dispersed, giving the appearance very
similar to deformed conglomerate. Next near by
outcrop was of basement rocks. It is granite mylonite
affected by the steep D3 cleavage running ENE. The
last outcrop (Loc. 1231-7) was also of basement near
the Loudoh Village. Mylonite of possibly granitis;
origin shows strong folding with variable hinges that
are nearly parallel to the steep lineation, indicating a
strong possibility that these folds are sheath folds.
The above observations suggest to a vertical shearing
as demonstrated by Bandhopadyay et al. (1995).
The Sausar Belt
Outline of Geology
The Proterozoic Sausar Belt is located along the
southern margin of the CITZ in the Nagpur area,
trending in the E-W to ENE-WSW direction with
about 20- to 40-km wide and 300- to 350-km long
(Fig. 2). The belt is made up of four major geologic
components, from south to north; the southern
granulite belt, the supracrustal metasedimentary rocks
of the Sausar Group, reworked inliers of the Tirodi
Gneiss and the northern granulite belt.
The central domain between two granulite belts is
Formation
BICHUA F.
JUNEWANI F.
CHORBAOLI F.
MANSAR F.
LORANGI F.
SITASAONGI F.
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Lithology
dolomitic marble, calc-silicate gneiss-schist
metapelite (mica schist), quartzite,
granulite, biotite gneiss (re-worked basement)
quartzite, feldspathic schists, gneisses,
autoclastic quartz conglomerate
metapelitie (mica schists and gneisses),
graphitic schist, phyllite, quartzite,
major manganese deposits and gondite
calc-silicate schists and gneisses, marble,
manganese deposits
quartz mica schist, feldspathic schist,
mica gneiss, quartzite, conglomerate
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BASEMENT GNEISS
(TIRODI GNEISS)
biotite gneiss, amphibolite, calc-silicate gneiss,
granulites, feldspathic mica schist
Fig. 5 Stratigraphic succession of the Sausar Belt (in Bandyopadhyay et aI., 1995,
modified from Narayanswami et aI., 1963)
A B
Fig. 6 Possible structures on the -S cross section of the central part of the Sausar Belt. A:
Synclinorium and nappe structure, B: Schuppen structure
composed of the Sausar Group, highly tectonized
gneissic rocks and several intrusi ve gran ites. The
Sausar Group is divided into six formations, in ascend-
ing order; the Sitasaongi, Lohangi, Mansar, Chorbaoli,
Junewani, and Bichua Formations (Narayanaswami et
a!., 1963; Bandyopadhyay et a!., 1995) (Fig. 5). The
Sausar Group comprises of quartzite, pelite and car-
bonate associations, containing stratiform manganese
deposits which form the largest manganese oxide
reserves in India (e.g. Dasgupta et a!., 1984; Bhowmik
et a!., 1997). The rocks are regionally metamorphosed
and folded under the upper amphibolite to granulite
facies condition, and intercalate tectonized gneissic
rocks, which are probably derived from the reworked
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basements. The basement gneissic rocks, called the
Tirodi Gneiss, include mostly tonalitic gneiss and
minor amounts of pelitic to psammitic gneisses, caJc-
silicate gneiss and amphibolite. As shown in Fig. 6,
the Sausar Belt forms either a synclinorium super-
imposed over nappes (Fig. 6A), or a schuppen struc-
ture separated by intercalations of reworked base-
ments; Fig. 6B.
There occur two generations of granite in the
Tirodi Gneiss and Sausar Group. The Pawni mass,
located at 50 km NN E of N agpur, forms a part of the
Tangla Granite corresponding to the non-deformed
late- or post-kinematic granite of the Sausar move-
ment. The other is the Ramtek Granite at 35-km
northeast of Nagpur, which is highly deformed schis-
tose granite intruding during the Sl to Sz movement of
the Sausar belt.
Gran uli te facies rocks occur in two belts. The
southern granulite belt is traceable from 20-km south-
east of Nagpur, through Bhandara and Tumsar, to
Balaghat, trending in a northeast direction, however,
the exposures of granulite are intermittent and con-
fined to small areas. The northern granulite belt is
found also in scattered outcrops within the gneissic
area of the Tirodi Gneiss, and marks the northern
margin of the Sausar Gelt. Both granulite belts seem
to converge in the east of Balaghat. The recent
petrological work by Bhowmik et a!. (1999) indicates
that the granulite facies metamorphism is pre-Grenvil-
lian in age, and mafic granulite and felsic migmatite
gneiss preserve early structure and high P condition
(10.5 kb at 775 C), which pre-date the Sausar orogeny
(ca. 1000 Ma), and then, the granulites are affected by
the retrogression in amphibolite facies conditions
during the Sausar orogeny.
Only a few isotopic ages are known in the Sausar
Belt; 1525 Ma Rb-Sr whole rock age and 860 Ma
muscovite - biotite - K-feldspar mineral age both in
the Tirodi gneiss (Sarkar et a!., 1986), 950 Ma Ar-Ar
age in manganese ore (cryptomelane) (Lippolt and
Hautmann, 1994), and 1123 Ma Rb-Sr whole rock age
in tourmaline granite (personal communication from
Bandyopadhyay). Recently, very old age (nearly 3100
Ma) was obtained from mafic granulite in the southern
granulite belt (personal communication from Roy
Abhinaba) (Table 2).
Field Observations
[The southern part of the western cross section of
the Sausar Belt]: The northeastern area of Nagpur
provides a typical cross section of the western part of
the Sausar Belt including manganese deposit and in-
liers of the reworked basement of the Tirodi gneiss.
The Satak mine (Loc. 102-1) has been worked on
the stratiform manganese ore embedded in metapelite
of the southern part of the Sausar Group. We obser-
ved banded manganese ore and quartzite, pelitic and
psammitic schists at the abandoned open pit of the
mIne. The manganese bed shows concordant contact
with phyllitic pelite, and intruded by granite and
granitic pegmatite. This area is well known for the
typical occurrence of gondite which is a banded rock
consisti ng of spessarti ne garnet and manganese-silicate
minerals, named after the Gond tribe. Spessartine
garnet crystal in the mi ne often reaches more than a
centimeter in diameter.
At the eastern margin of the Ramtek dam (Loc.
102-2), we saw banded quartzite of the Chobaoli
Formation (Fig. 7A), which contains muscovite and
fibrolite on the plane of schistosity. The quartzite is
well folded forming a synform of the Fz fold (the
Ramtek fold). The synclinal axis (Fz) of WNW-ESE
direction is re-folded by F3 folds with NE-SW direc-
tion (Fig. 7B).
The Loc. 102-3 was foliated fine-grained granite
exposed along the Ramtek - Tumsar road near the
Fig. 7 Field photos in the Sausar Belt.
7A: Quartzite of the Chorbaoli Formation forming a small range, road side along the Ramtek dam [Loc.102-2].
78: Folded quartzite in the axial zone of the Ramtek fold [Loc.102-2]. The hinge line of Fz fold (pencil) is re-
folded by later folding F3 .
7C: Pelitic schist or gneiss of the Sausar Group. Note the asymmetric folding of thin leuco-bands [Loc.102-6].
7D: Sillimanite rods in metapelite of the SausaI' Group [Loc.102-6].
7E: Calc-silicate rock of the Lohangi Formation. Folding and corrosion of calcareous bands seen on the surface
[Loc. 105- I].
7F: Reworked Tirodi Gneiss with distinct symmetric small folds and axial planar mylonitic bands, near Rampatt,
southwest of Balaghat [Loc. 106-1].
7G: General landscape of the C1TZ, distant view toward the north from the hi 11 top of Loc.1 06-4.
7H: Tirodi Gneiss and a small layer parallel folding indicating the direction of thrusting? [Loc.107-IJ.
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Ramtek dam. The rock is fine- to medium-grained
fol iated gran iteo The roadside outcrop (Loc. 102-4)
along the NH-7, ca. 10-km northwest from Loc. 102-3,
is composed mainly of highly phyllitic rocks of the
Sausar Group including lenticular intercalations or
boudins of fine- to medium-grained granitic rocks.
The granite is schistose and elongated along the schis-
tosity of phyllites, and the lithology is similar to the
foliated granite seen in the Loc. 3, so that this outcrop
defines the northern margin of the Ramtek Granite,
which shows the syn-tectonic nature.
The Loc. 102-5, exposed along the NH-7, was
coarse-grained biotite gneiss. The gneiss forms an
inlier within the Sausar Belt, and is considered to be
the reworked basement of the Tirodi Gneiss. The
outcrop is composed of well-banded biotite gneiss and
leucocratic layers, and has rather simple lithology
essentially of tonalitic composition. The Tirodi
Gneiss sporadically intercalates calc-silicate rocks.
The Loc. 102-6 is an example of calc-silicate rocks,
which are well banded in several centimeters.
[ The northern part of the western cross section of
the Sausar Belt]: We observed the Pawni Granite on
an outcrop at several kilometers west of Oeolapar
(Loc. 103-1) in the northern part of the western cross
section of the Sausar Belt. The outcrop is composed
of non-foliated leucocratic porphyritic granitoids in-
cluding relicts of gneissic fragments. The Pawni
Granite and its equivalent granitic mass called the
Tangla Granite are assumed to be late- to post-
kinematic granites of the Sausar Belt.
The Loc. 103-2 is composed of biotite gneIss
belonging to the reworked Tirodi Gneiss and inter-
calated calc-sil icate gneiss. The Loc. 103- 3, several
100-m away from Loc. 103-2, is highly deformed
biotite gneiss of the Tirodi Gneiss. Two stages of
deformation are observed, and sillimanite is formed
along foliation of the second generation. The rocks
are totally tonalitic in composition.
ext two outcrops around Oeolapar were upper
amphibolite to granulite facies rocks described by
Bhowmik et al. (1999). The Loc. 103-4 was pelitic to
psammitic gneiss. The outcrop is composed mainly of
biotite gneiss having sporadic garnet. The Loc. 103-5
is pelitic to psammitic gneiss including garnet bearing
mafic bands. The outcrop is composed mainly of
biotite gneiss, which is well banded and includes
ptygmatic veins, showing a migmatitic structure. Two
pyroxene-bearing garnet amphibolite is found in the
gneiss as boudins. These rocks indicate the granulite
facies metamorphism in the Tirodi Gneiss.
The Loc. 103-6 was highly tectonized pelitic rocks
(Fig. 7C) showing a peculiar appearance of rodds of
sillimanite pools strongly elongated along the linea-
tion. The rods of sillimanite aggregate reach several
millimeters to a centimeter in diameter and 5 to 10
centimeters in length (Fig. 70). The Loc. 103-7 was
coarse-grained dolomitic marble along the NH-7
roadside. These marbles contain monocrystalline and
granular dolomite. This dolomite horizon belongs
the Bichua Formation and to the horizon appearing at
Loc. 104-1-3.
[The Ramakona granulite in the western part of
the northern granulite belt of the Sausar Belt]: A
typical occurrence of the granulite facies rocks, belong-
ing to the northern granulite belt of the Sausar belt, is
observed at ca. 65 km northwest from Nagpur and 10
km northeast from Sausar town. The observed out-
crops (Loc. 104-1 to -3) locate on a hill of the Rama-
kona village, and are composed mainly of dolomitic
marble intercalating a band of garnet granulite and
charnockite of several hundred meters in thickness.
These dolomitic marbles belong to the Bichua Forma-
tion, the youngest unit in the Sausar stratigraphy.
The marbles are well banded with alternating layers of
serpentinized olivine marbles and pure dolomite.
Several later generation of carbonate veins (up to 5 em
thick) cut across the bands, margins of which are more
intensively retrogressed indicating possible hydrous
fluid flow pathways.
At Loc. 104-1, in the southeastern part of Rama-
kona Village, stratified dolomitic marbles occur paral-
lel to the lope of a hill range. On the top of the hill
range, the dolomitic marble has mostly a vertical dip
(Loc. 104-3). The marble layers constitute a crest of
antiform along the range of the hill, thus forming an
overturned antiformal structure with the southern limb
having an E-W strike with 30·S dip. The hinge area
of the fold exposes pelitic garnet-granulite and char-
nockitic rocks (Loc. 104-2), and seems to be a window
along the crest of the antiform. Here the rocks are
dark-colored and composed of garnet-bearing foliated
pel itic gran u I ite and coarse-grai ned massi ve charnock-
ite (garnet free) occurring on the footwall side of the
dolomitic marble. The immediate contact of the
dolomite and the granulitic rocks could not be obser-
ved in the outcrop. Dolomitic marbles consist mainly
of dolomite carrying clinopyroxene, olivine and spinel,
variably serpentinized minerals with a euhedral
pseudomorphic shape, but free from graphite and
wollastonite.
[The central section and northern granulite belt
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of the Sausar Belt]: The Loc. 105-1, located on a
hilltop, is composed of calc-silicate rocks of the Lo-
hangi Formation of the supracrustal sequence of the
Sausar Group. The rocks are well banded consisting
of garnet- and hornblende-bearing dark layers and
garnet-, cl inopyroxene- and epidote-beari ng green ish
layers (Fig. 7E). The Loc. 105-2 was garnet am-
phibolite included in biotite gneiss or augen gneiss as
mafic bands or lenticular blocks. The Loc. 105-3 was
found close to the Loc. 105-2. The rock is fine-
grained and massive in appearance, and retains origi-
nal doleritic texture, but has garnet corona around
orthopyroxene (personal communication from Bhow-
mik).
[The northeastern part of the southern granulite
belt of the Sausar Belt]: The granulite facies rocks in
the northeastern part of the southern granulite belt are
observed in the Lingmala village located at ca.120 km
northeast from Nagpur. The Locs. 106-] to -5 are
located in the close distance in each other. The Loc.
106-1 is composed of highly sheared biotite gneiss
(Fig. 7F) or augen gneiss including lenticular blocks of
amphibolite. The Loc. 106-2 was metamorphosed
mafic to ultramafic rocks. The Loc. 106-3 was garnet
cordierite gneiss of pelitic rock origin and has the
granulite facies mineral assemblage. The Loc.106-4
forms a small hill (Fig. 7G) consisting of metamor-
phosed diorite or dolerite to microgabbro. The Loc.
106-5 was meta-quartzite or BlF in the granulite facies
condition.
[The central section of the Sausar Belt]: The Loc.
107-1 is composed of tectonized coarse-grained biotite
gneiss, which is considered to be the reworked base-
ment of the Sausar Group. Mylonitic foliation along
with thrusting and stretching lineation (?) and mi-
crofold axes were observed in the outcrop (Fig. 7H).
The Loc. 107-2 was the open pit of the Tirodi
mine, which is now working (Fig. 8A). The outcrop
in the open pit provides a good exposure showing the
direct contact between the Sausar supracrustals and the
basemen Tirodi Gneiss (Fig. 8B-E). At the contact,
the following order ofJithology was observed, from the
foot wall side of the Sausar metasediments to the
hanging wall side of the Tirodi gneiss (Fig. 8B, 8E); (a)
banded manganese ore with black chert and a thin
band of quartzite, (b) micaceous schist (ultramylonite
or phyllonite ?), (c) cataclastic zone consisting of
flattened breccia and cataclasite derived from gneiss,
(d) migmatitic gneiss including garnet-bearing
leucosome (Fig. 8e), (e) injection gneiss with pink
granite and (f)well-banded biotite gneiss (Fig. 80).
The zone (a) is the Sausar supracrustals, and the zone
(b) probably belongs to the Sausar Group. The
Sausar rocks are in thrust fault contact with the Tirodi
Gneiss on the mylonitized band, and the pre-Sa usaI'
deformation in the Tirodi Gneiss is overlapped by the
strong f1attening of the later Sausar deformation on the
thrust zone.
[The southern part of the southern granulite belt
of the Sausar Belt, and the northeastern margin of
the Sakoli Belt]: The Loc. 108-1 was a q uartzi te
mylonite forming the eastern margin shear zone
between the Sakoli Belt and the basement gneiss com-
plex (the Amgaon gneiss). The quartzite mylonite of
the Sakoli Belt intercalates tourmalinite, BlF and green
schist. The Loc. 108-2 is the metabasalt of the
Ohabetekri F. in the Sakoli Belt. The pillow struc-
ture in metabasalt is not clear (but may still exist).
The last outcrop Loc. 108-3 is a black hill located
at 50 km west from Nagpur, and is composed of garnet
two-pyroxene gran u Iite which is the typical exam pIes
of the southern granulite belt (Figs. 9A, 9B). The
rocks have a banding structure that may be relict
igneous banding of gabbroic rocks (Fig. 9A). A very
old age of nearly 3100 Ma was obtained in this rock
(personal communication from Roy Abhinaba).
Concluding Remarks
The field work in 1999 to 2000 on the Nagpur
area, located in the central portion of the Central
Indian Tectonic Zone (CITZ), was completed success-
fully. The survey covered the main part of the area
incl ud ing typical occurrences of major rock types, and
we obtained following views and problems for future
studies on the geology of this area.
The ClTZ of the Nagpur area is composed of two
major components; supracrustal sequences of the
Sausar and Sakoli belts and basement granite/gneiss
complexes, called the Tirodi Gneiss in the Sausar Belt
and surrounding areas, and the Amgaon Gneiss in the
Sakoli Belt and surrounding areas, respectively. The
supracrustal units are generally in tectonic contact with
the basements, such as in the eastern and western
marginal shear zones of the Sakoli Belt. Mesoscopic
structures in tectonites are developed in OJ' O 2 and 0 3
stages, and the basements are reworked by these defor-
mations in the marginal zones. The Sausar supracrus-
tals also contact with the reworked Tirodi Gneiss, and
intercalate everal in liers (and/or Sch uppens) of gneis-
sic basements exposed along the axial zone of the
folding.
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Fig. 8 Field photos at the Tirodi mine [Loc.I07-2] and a sketch showing the contact
relationship of the Sa usaI' supracrustals and basement Tirodi Gneiss.
8A: Open pit of the Tirodi mine. The dashed line shows a manganese ore bed
embedded between supracrustals and the basement.
8B: Continuous outcrop on the boundary, (a)(b)(c)(d):see Fig.8E.
8C: Migmatized leucosome including garnet in the Tirodi Gneiss (Fig.8E (d)).
80: Well banded Tirodi gneiss (Fig.8E (I)).
8E: A sketch on the boundary between Sausar supracrustals and the basement
Tirodi Gneiss. (a)Manganese ore, (b)Micaceous schist (ultramylonite or
phyllonite ?), (c)Cataclastic rocks and flattened breccia, (d)Migmatized gneiss,
(e)Injection gneiss by pink granite, (I)Banded gneiss.
However, large disparities in metamorphism can
be observed between supracrustals and reworked base-
ments, e.g., the metamorph ic grade of su pracrustals is
low to moderate and andalusite is stable in the Sakoli
Belt, but the staurolite-kyanite assemblage and sil-
limanite occur in the basement rocks of the marginal
shear zones. The grade of granulite facies rocks in the
southern and northern granulite belts is also far higher
than the Sausar supracrustals in adjacent outcrops (cf.
Loc. 104-1 and -3). The relationship and tectonic
framework among the stages of deformations and
metamorphic events in both belts and their basements
have not yet been clarified, and hence, structural ana-
lyses combined with petrological studies and geo-
chronological works are awaited to establish the
tectonothermal history of this area.
The lithological characteristics of supracrustals
and mineralization are somewhat different between the
Sakoli and Sausar belts. The Sakoli supracrustals are
predominant in metavolcanics indicating bimodal
volcanism, and particularly metarhyolite is characteris-
tic. On the other hand, the Sausar supracrustals are
rich in carbonates and calc-silicate rocks, and gondite
is characteristic. In both belts, siliceous sediment is
not chert but quartzite to arkosic sandstone. Th'e
syngenetic stratiform manganese deposits in the Sausar
Belt are embedded in the alteration of quartzite, pelite
and psammitic and calcareous rocks (gondite), and are
different from the Phanerozoic chert-hosted manga-
nese deposits in Japan. These features suggest that the
sedimentation of Sakoli and Sausar supracrustals took
place in the continental shelf or rift-related conditions
rather than the accretionary zone.
Further, it is very essential to have a more clear
understanding of the tectonic and metamorphic history
of each formation within the Sausar Group of rocks,
and its relation to the surrounding granulites and
basement rocks. Considering the regional scale
hydrothermal alteration of the marble lithologies, a
comprehensive investigation is essential for deducing
the metamorphic fluid evolution of the Sausar Group.
These results along with geochronologic data will help
in modeling a tectonic evolution of the Sausar Group
as well as the CJTZ in a pre-Gondwana tectonic
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Fig. 9 Field photos in the southern granulite belt of the Sausar Belt [Loc.l 08-3J
9A: Layered structure and folded igneous sedimentary structure like a grading on the
weathered surface of gabbro-norite (two pyroxene granulite).
9B: The hill formed by granulite of 9A that gave 3100 Ma age (Table 2), and field
party.
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context.
The CITZ has generally been interpreted as a
suture since the Paleoproterozoic period (ca. 2200
- 2 I00 Ma) between the northern and the southern
Indian shields (e.g., Yedekar et aI., 1990). It is consid-
ered, however, that a widespread and strong tectonoth-
ermal event took place during 1700-1500 Ma as well
(see Table 2). Thermal events of ca. I 100-600 Ma
have also been known. Thus, it is important to under-
stand the geology of the Nagpur area for considering
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the global crustal processes before the East Gondwana
- Rodinia assembly. In this context, systematic
studies on this area are now in progress and interesting
results are now becoming to be obtained.
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